Mississippi State University

Scholars Junction
Theses and Dissertations

Theses and Dissertations

8-9-2022

Experiments to mitigate flow recirculation in a closed anechoic
chamber using mesh screens as turbulence suppressors
Tori Kay Wolverton
tori.wolverton15@yahoo.com

Follow this and additional works at: https://scholarsjunction.msstate.edu/td
Part of the Aerodynamics and Fluid Mechanics Commons, and the Other Aerospace Engineering
Commons

Recommended Citation
Wolverton, Tori Kay, "Experiments to mitigate flow recirculation in a closed anechoic chamber using mesh
screens as turbulence suppressors" (2022). Theses and Dissertations. 5579.
https://scholarsjunction.msstate.edu/td/5579

This Graduate Thesis - Open Access is brought to you for free and open access by the Theses and Dissertations at
Scholars Junction. It has been accepted for inclusion in Theses and Dissertations by an authorized administrator of
Scholars Junction. For more information, please contact scholcomm@msstate.libanswers.com.

Template C with Schemes v4.3 (beta): Created by T. Robinson 01/2021

Experiments to mitigate flow recirculation in a closed anechoic chamber using mesh screens as
turbulence suppressors
By
TITLE PAGE
Tori Kay Wolverton

Approved by:
Adrian Sescu (Major Professor/Graduate Coordinator)
Davy Belk
Calvin Walker
Jason M. Keith (Dean, Bagley College of Engineering)

A Thesis
Submitted to the Faculty of
Mississippi State University
in Partial Fulfillment of the Requirements
for the Degree of Master of Science
in Aerospace Engineering
in the Department of Aerospace Engineering
Mississippi State, Mississippi
August 2022

Copyright by
COPYRIGHT PAGE
Tori Kay Wolverton
2022

Name: Tori Kay Wolverton
ABSTRACT
Date of Degree: August 9, 2022
Institution: Mississippi State University
Major Field: Aerospace Engineering
Major Professor: Adrian Sescu
Title of Study: Experiments to mitigate flow recirculation in a closed anechoic chamber using
mesh screens as turbulence suppressors
Pages in Study: 159
Candidate for Degree of Master of Science
The desire to gather acoustic data of a propeller in simulated hover without
environmental effects is met with the challenge of recirculating flow in a closed anechoic
chamber. Flow recirculation in an anechoic chamber is not ideal because the effects of it being
ingested by the rotor cause unsteady loadings on the propeller. This unsteady loading causes
vortex noise from the turbulence introduced by the recirculation of the flow. The aim is to study
the acoustic signature of a propeller separate from external factors and engine noise. Two
different propellers with three different screen combinations were tested in a closed anechoic
chamber. The results of these tests showed that the screens are able to reduce the vortex and
broadband noise levels, with the reduction being more pronounced when the dual screen was
installed.
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CHAPTER I
INTRODUCTION
The area of aeroacoustics is an emerging field with much esoteric knowledge. With the
rise in drone use and expansion of applications, accurately measuring and characterizing the
sounds emitted by these unmanned aerial systems (UAS) have become important. UAS have
been used in military Intelligence, Surveillance, and Reconnaissance (ISR), which necessitate
stealth and reduced detectability. Additionally, UAS are proposed to be used in the commercial
sector for package delivery. These new and old uses of UAS lead the need to characterize and
reduce the acoustic signatures of these vehicles to increase stealth and reduce detectability,
especially at lower altitudes and for prolonged periods of time.
Small UAS are defined as systems that are less than 55 pounds of maximum gross takeoff weight (MGTOW). Large UAS are those that are greater than 55 pounds MGTOW. The
Department of Defense’s (DoD) descriptions of UAS is given in Figure 1.1. The figure shows
that small UAS are split into two categories based on MGTOW, operational altitude, and speed.
The large UAS are split into three groups, similarly to the smalls.
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Figure 1.1

DOD UAS Classifications

A detailed diagram from the DOD in reference to the types of UAS classifications. AGL stands
for above ground level, and FL stands for flight level. [2]
Because of the wide availability for private and commercial users, there have been
numerous studies on small UAS. Small UAS are primarily used for aerial photography while
large UAS are almost exclusively used for military applications. The operators of these sort of
UAS are trained and skilled, as opposed to smalls which have armatur fliers. In addition, the
necessity of complex ground control stations and other resources needed to fly and maintain
these large UAS makes them impractical to be owned or operated by the regular individual.
Because of their airframe design and powerplants used, large UAS are more like their manned
counterparts. Although large UAS are not held to the same acoustic standard as manned vehicles,
this is changing. A noise standard for large UAS is coming in the following years before
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integration into the National Airspace (NAS). This noise standard is an important change for the
proposed drone package delivery systems from large companies, such as Amazon.
For this research, an approach to mitigating the effects of flow recirculation in a closed
anechoic chamber was tested and analysis was performed to isolate the sounds coming off two
propellers. This test was conducted at Mississippi State University’s Raspet Flight Research
Laboratory (RFRL). The test and analysis campaign characterizes the difference in the untreated
anechoic chamber data and the data of the treated configurations. Mesh screens will be used as
turbulence suppressors. This research aims to describe how these two propellers will contribute
to the lowering detectability of the UAS through noise metrics.
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CHAPTER II
CONCEPT REVIEW
An academic understanding of important acoustic and turbulence behaviors is detailed in
the following subheadings. This is done as a review of concepts and explanation of the methods
used in this testing campaign. Several different pieces of literature are discussed that provide a
conceptual understanding of the technical application of these areas. First, the basics of acoustics
is covered; then, more advanced topics are covered, such as turbulence. Also covered in this
section are the chambers utilized in this research and the main source’s research.

2.1

General Acoustics
Acoustics is the science of sound waves that propagate spherically from an emanating

source through a medium. Sound is defined as an “…Oscillation in pressure, stress, particle
displacement, particle velocity, etc., propagated in a medium with internal forces (elastic or
viscous) or the superposition of such propagated oscillation.” [4] There are three main
characterizing factors to sound: frequency, f; wavelength, lambda (λ); and amplitude, in units of
decibels (dB). Equation 2.1 equates wavelength to the speed of sound, c, and frequency.
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The speed of sound is commonly defined as the square root of the product of gamma, R, and T,
where gamma is the ratio of specific heats, R is the gas constant, and T is ambient temperature.
Sound pressure level (SPL) is defined in Equation 2.2 where Prms is the root mean square of the
pressure wave from the source and P0 is the reference pressure. The reference pressure is the
lowest pressure wave amplitude that is audible by humans: 20 micro-Pascals.

This amplitude, represented in decibels (dB), quantifies the disturbance this sound pressure wave
exerts on the medium.
2.2

Types of Noise
The two primary sources of noise from a propeller are thickness noise and loading noise.

Figure 2.1 shows a breakdown of the types and sources of aerodynamic noise. Section 2.1.1
details thickness noise while 2.1.2 describes rotational noise. Section 2.1.3 details a type of
turbulence induced noise for the case explored in this research.
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Figure 2.1

Types of Aerodynamic noise.

Above shows a breakdown of the periodic and broad band types of noise as it pertains to
aerodynamic noise. [3]

2.2.1

Thickness Noise
Thickness noise is a result of the rotor blades moving through the air, a type of fluid. As

a blade passes through the medium, “an element of the air in the disc [of the rotor plane] will be
physically moved aside by the finite thickness of the blade.” [3] At high tip speeds, this form of
noise is significant, but with the speeds the propellers in this study are moving it is a less
significant form of noise than torque and thrust noises. An approximation is given in equation
2.3 for predicting rotational propeller noise.
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In equation 2.3, m is the harmonic number, B is the number of blades, R is the blade radius, Mt is
the blade tip speed, S is the distance from the propeller hub (in feet), A is the propeller disk area,
T is thrust, and JmB is the Bessel function of order mB. θ is the angle from the forward propeller
axis to the observer.
2.2.2

Thrust and Torque Noise
Thrust and torque noise are resultant from the rotation of the rotor through a medium. A

pressure distribution is formed along the propeller blade. This loading is typically steady when
the propeller is operated in uniform inflow conditions. The loadings on the blade can be resolved
into two components: thrust noise, which is normal to the rotating plane and torque noise, which
is in the plane of rotation. Unsteady loadings can be a result of non-uniformities in the inflow.
Figure 3 shows a typical directivity as overall sound pressure level (OASPL) of the sound
emitted by a propeller.
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Figure 2.2

Directivity of propeller sound source

Depicted above is the directivity of the noise created by a propeller’s thrust. [24]
2.2.3

Turbulence Induced Noise
As the system generates thrust, it also causes the fluid medium to move downstream and

recirculate into the rotating system. Turbulence in the medium creates an unsteady loading on the
rotating system as it is ingested into the rotor hub. The larger the size of the turbulent structure,
the greater energy it has. Smaller, less energetic, turbulent structures dissipate their energy more
quickly than the larger structures. This unsteady loading creates broadband noise. This
broadband noise can be seen as the recirculated flow in Figure 13. Section 2.5 dives deeper into
the science behind turbulence.
2.3

The Human Perception of Sound
A healthy human ear can detect sounds in the frequency range of 20 Hz – 20 kHz. This is

known as the hearing spectrum. Ultrasonic is the range above the normal hearing range, and
infrasonic is the frequency range below that of the hearing spectrum. A-weighting is a way to
8

apply gain and attenuation to certain frequencies to simulate the normal biological response of
the human ear. Figure 2.3 shows a depiction of the A-weighting curve.

Figure 2.3

A-weighting curve

The A-weighting curve is shown with the gain and attenuation of certain frequency depicted. [8]
Psychoacoustics is a field that studies the way sound is subjectively perceived by living
organisms, especially humans. There are two major metrics: loudness and roughness. Loudness
is a subjective, linear measure of noise and is in the unit of phones. This means a sound of 10
phones is half as loud as a sound of 20 phones. Roughness is defined as “a complex effect which
quantifies the subjective perception of rapid amplitude modulation of a sound.” [20] Roughness
is measured in aspers and is the variation in the SPL of a sound.
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2.4

Acoustic Fields
It is important to understand the measurement fields associated with the measurement

location. In section 2.1.1.1, the near field and far field are described. In section 2.1.3.2, the free
field and reverberant field are discussed.
2.4.1

Near Field and Far Field
Beginning at the sound source and extending to the far field is the near field. The far field

begins at approximately five times the diameter of the propeller and extends onward to infinity.
This far field approximation is from communication between Raspet Flight Research
Laboratories (RFRL) and a contact at NASA Langley. “Note that the transition from near to far
field is gradual in the transition region.” [5] Figure 2.4 shows the near and far fields.

Figure 2.4

Near and far field regions from a sound source

The near field is the region closest to the sound source, and the far field is the field beginning at
approximately five times the diameter of the propeller and extends to infinity. [23]
10

2.4.2

Free Field, Direct Field, and Reverberant Field
The field where sound can propagate without any obstructions or effects imposed by the

surrounding media is known as the free field. The direct field is the part of the sound field that
has been unaltered by reflections from surfaces. The reverberant field is one such that sound has
experienced some form of reflection due to an obstruction. Figures 6 and 7 show the divisions of
the direct field, the reverberant field, and the free field as distance from sound source on the
abscissa and SPL on the vertical axis.

Figure 2.5

Near field, direct field, and reverberant field regions from a sound source

On the y-axis is the SPL of a sound source (measured) and on the x-axis is the log distance from
a sound source. The reverberant field sees an oscillation in the SPL of the source while in the
direct field, there is a linear progression with distance. [26]
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Figure 2.6

Free and Reverberant field regions from a sound source

In the free field the SPL curve vs log of distance from the source is linear outside of the near
field. In the reverberant field, the SPL decays. [25]

2.5

Anechoic Chambers and Properties
In a fully anechoic chamber, every major surface is covered with absorption material

such that there are not significant reflections, refractions, or alterations in the frequency range of
interest. Two chambers are detailed in the following subsections. In this section, RFRL’s
anechoic chamber is depicted; and later, NASA Langley’s anechoic chamber is detailed.
ISO 3745 is the international standard for design and validation practices with anechoic
chambers. These rooms are designed in such a way that a free field is simulated such that
reflections are negligible over the frequency range of interest, and these chambers are intended
for acoustic testing that necessitates accurate measurements with negligible contribution from
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reverberation or outside interference. [11] When the room is designed to standard, the SPL from
a source should decrease 6 dB at a rate of twice the distance from the emanating source [10].
Not all anechoic chambers can be used for every type of testing. For example, directivity
measurements require an arc that is positioned roughly 5 times the propeller radius of the blade
to effectively be out of wake conditions, according to a contact at NASA. The size of the room is
also a function of the frequency range of interest, and the required size changes the types of
absorbers needed. Section 1.5.1 details the absorber types used in Raspet Flight Research
Laboratories’ (RFRL) anechoic chamber as well as the chamber’s construction. Section 1.5.2
details NASA’s SHAC.

2.5.1

RFRL’s Anechoic Chamber
RFRL’s anechoic chamber measures 10 feet wide by 10 feet tall and 18 feet long

externally. Traditionally the foam wedges would be attached using high strength adhesive, but
this chamber is different. The chamber utilizes Velcro on the back of the wedges attaching to
carpet on all six surfaces. The floors and walls of the chamber are plywood with carpet fastened
to the wood using staples under the foam wedges. The carpet allows for easily changing the
chamber’s configuration for testing set up. The Velcro allows for easy change in the testing set
up for a wide variety of uses, including this study. The foam wedges are 8 inch deep and have a
full absorption slightly below 250 Hz. [22] In table 2.1, the absorption coefficients for the foam
wedge design are seen. The Noise Reduction Coefficient (NRC or α) is provided as well.
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Table 2.1

Noise reduction characteristics of the foam wedges used in RFRL’s anechoic
chamber

Frequency (Hz)

125

250

500

1000

2000

4000

NRC

8-inch

.41

1.05

1.42

1.36

1.37

1.51

1.30

These noise reduction coefficients are referenced from the foam wedge manufacture, American
Micro Industries.

The NRC for any sound absorbing material is calculated by averaging the absorption coefficients
at different frequencies by taking the ratio of absorbed energy to incident energy. Equation 2.4
above gives this ratio. The alternating foam wedge pattern chosen for RFRL’s anechoic chamber
can be seen in Figure 8. Dry wall was fastened around the structure for aesthetic as well as noise
suppression functionality. Figure 9 shows the completed structure. The chamber is inside a
former engine test room, which lessens the amount of external noise entering the chamber.
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Figure 2.7

Inside the anechoic chamber

In this picture, one can see the wedge pattern of MSU’s anechoic chamber

Figure 2.8

Outside of the RFRL anechoic chamber

Depicted above in maroon and white is RFRL’s anechoic chamber
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In figure 2.9, a schematic of the RFRL chamber is visible. In this figure, the black square
is the test stand apparatus, the small circle represents the microphone array, and the alternating
wedge pattern is apparent.

Figure 2.9

An inside schematic view of the RFRL chamber

Pictured above is the inside of the RFRL chamber. In this photograph, the testing set up baseline
of this project is depicted. [21]

2.5.2

NASA Langley’s SHAC
NASA Langley has an anechoic chamber nicknamed the SHAC, formally known as the

Small Anechoic Jet Facility. The facility measures 12.7 feet by 8.4 feet by 10.7 feet from wedge
tip to wedge tip. [15] The chamber is capable of having inflow and outflow or functioning as a
closed anechoic chamber. The experimental campaign set out by Stephenson, Weitsman, and
Zawodny in “Effects of flow recirculation on unmanned aircraft system (UAS) acoustic
measurements in closed anechoic chambers” was the primary basis for this research. In this
study, the chamber is used in its closed configuration. This article and a few others are discussed
in section titled “Turbulence”. In figure 2.10, an inside schematic of the SHAC is depicted.
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Figure 2.10

An inside schematic view of the SHAC

Pictured above is the inside of the SHAC. In this photograph, the testing set up on the
experimental campaign discussed is depicted. [15]

2.6

Turbulence
The violent or unsteady motion of fluid is known as turbulence. Turbulence is the state of

a fluid flow in which the instantaneous velocities exhibit irregular and apparently random
fluctuations. This means that there are random peaks or valleys in the velocity profiles. One can
imagine the swirling of water as a cup of tea is stirred. This is a visualization of turbulence.
Another example is dust dancing in the sunlight in front of a window. In figure 2.11, a depiction
of a turbulence velocity profile is shown. In this figure, the turbulence is visible as red peaks and
blue valleys.
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Figure 2.11

A look at the lateral turbulence profiles

Pictured above is a piece from a class project. In this project, the velocity profiles of each
velocity component were studied. Pictured above is the lateral component of turbulence from a
case in a 3D channel flow.
These turbulent structures are often called vortices or eddies. Large eddies have more
energy and dissipate at a slower rate per distance. Small eddies have less energy and dissipate
more quickly, sometimes in inches of distance if they are small enough. This idea of dissipation
of energy is called the energy cascade.
2.6.1

Turbulence Manipulators
The topic of turbulence reduction or generation is no new topic. Although in recent years,

turbulence reduction has been studied more in depth. “One critical piece of institutionalized
knowledge regards the effect of flow recirculation when testing rotating systems in anechoic
chambers.” [15] Flow recirculation is a function of rotor size, thrust, and the size of the facility,
and it is not experienced by a UAS in hovering free flight. [15] Mesh screens and honeycomb
structures have long been used in wind tunnels, but more recently, they have been used in
anechoic chambers. In wind tunnels, turbulence manipulators have been used to straighten flow,
reduce lateral components of velocity, and reduce boundary layer effects. In anechoic chambers,
turbulence suppressors in the form of mesh screens have been used, such as in “Effects of flow
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recirculation on unmanned aircraft system (UAS) acoustic measurements in closed anechoic
chambers.”
2.6.1.1

Mesh Screens
Mesh screens have long since been used in wind tunnels in combination with honeycomb

structures to reduce boundary layer effects and control turbulence scales and Reynold’s number
in the test section. “Traditionally, screens have been widely used to remove or create flow
nonuniformities, and to control turbulence scale and intensity.” [20] In the study “Effects of flow
recirculation on unmanned aircraft system (UAS) acoustic measurements in closed anechoic
chambers,” mesh screens were used to mitigate flow recirculation effects in a small closed
anechoic chamber, like that of RFRL’s chamber. [15] Several configurations of screens were
used with one configuration prolonging the time available for unaltered measurements by threefold. From a run without the mesh screens, Figure 2.12 shows an example of the clean region as
well as the region of recirculation pronounced by the spectral bands at higher frequencies. This
validated previous work from Growth and Johansson, which states a coarser mesh followed by a
finer mesh will give turbulence reduction with a low pressure drop coefficient. [19] This pressure
drop is a function of the solidity of the mesh screen and incoming flow characteristics.
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Figure 2.12

Colormap of an acoustic measurement with thrust and RPM data.

Depicted above are the effects of flow recirculation without a mesh screen treatment. This is
from a presentation on the experimental campaign from Stephenson et al. [15]
In the colormap, three different types of data are represented: RPM, thrust, and SPL.
Time in seconds is on the abscissa. In red, the RPM data remains constant after the ramp up
region. The thrust, in blue, shows a constant amplitude in the clean region, but the thrust varies
in the recirculation region. In the clean region on the colormap of the acoustic data, one can
clearly see the frequency range of interest is registering in yellow. In the recirculation region,
there are frequency registers that are much higher than the one of interest; these higher registers
are 15 dB or more higher than the expected.
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CHAPTER III
PROPELLER AND SCREEN TESTING
Three configurations of the screens with similar spacings were tested with two propellers.
The first screen is a coarser screen followed by a second finer screen in front of the rotor of the
test stand to condition the outgoing flow. There were two propellers tested: a two-blade propeller
that has a 32-inch diameter and a two-blade propeller that has a 22-inch diameter. The first
propeller is the same propeller 1 tested in Jonathan Vesa’s thesis. The second, smaller propeller
is different from any tested in Vesa’s thesis because a smaller propeller was needed for the size
of the chamber. Table 3.1 details each propeller’s characteristics. Figure 3.1 shows propeller 1
while figure 3.2 shows propeller 2.
Table 3.1

Propeller physical characteristics

Number of blades

Diameter
(inches)

Pitch (inches)

Propeller 1

2

32

18

Propeller 2

2

22

18

Details of the two propellers tested are shown above.
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Figure 3.1

Propeller 1

Pictured above is propeller 1, which is 32 inches in diameter.

Figure 3.2

Propeller 2

Pictured above is propeller 2, which is 22 inches in diameter. It is on the test stand in RFRL’s
anechoic chamber.

Two mesh screens were constructed for this experimental campaign. They measured 65
inches x 65 inches of unimpeded screen area. The frames were constructed of wooden furring
strips with flat corner brackets on both sides of the four junctions of the wood. Figure 3.3 shows
a CAD model of the screens’ frame design. The screens were fastened to the frame using a
generous number of staples, and Figure 3.4 shows a picture of the screens in the first
configuration in the chamber.
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Figure 3.3

CAD model of screen

A cad model of the frame for the mesh screens is seen above.
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Figure 3.4

Screens in the anechoic chamber

Two screens were placed 30 inches apart to condition the outflow as it moves toward the
microphones. Screen 1 is 30 inches from the propeller hub.

3.1

Test set up
The first configuration tested for the two propellers is depicted in figure 17. Screen 1 was

the mesh screen with the coarser mesh, and screen 2 was the finer mesh screen. Screen 1 was
placed 30 inches from the propeller hub. Screen 2 was placed 30 inches from the first screen. To
establish a similar set up to that in the thesis of Vesa, the acoustic measurements were started
each time before the motor engaged with the propeller. In the second configuration tested screen
1 was placed 30 inches from the propeller hub. Screen 2 was not placed in the chamber for this
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measurement. In the third configuration tested for the three propellers screen 2 was placed 30
inches from the propeller hub. Screen 1 was not placed in the chamber.
Along the back right corner of the chamber are the microphones. There are eight PCB
378b02 microphones used in this test and analysis campaign. The microphones are spaced
roughly a foot apart with the fourth mic from the bottom being in plane with the propeller hub.
To avoid reflections, the mics were placed 16 inches from the right wall and 8 inches from the
back wall. The microphone mounts were 3D printed and screwed into the wall. A diagram of the
set up can be seen in figure 3.5. The bottom microphone is 1, and the top microphone is 8.

Figure 3.5

Microphone placement in RFRL’s anechoic chamber

The 8 microphones were set up with one foot spacing between each microphone. The
microphones were six inches from the back foam treated wall and 6 inches from the right foam
treated wall. Note that mic 4 (from the bottom) was in plane with the propeller hub and motor
shaft. [22]
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The microphones were set up with perpendicular incidence relative to the propeller plane,
which can be seen in Figure 3.6. A perpendicular incidence is normal to the diaphragm of the
microphone, while a grazing incidence is tangent to the diaphragm.

Figure 3.6

Example of a microphone’s relative perpendicular and grazing incidence angles

A microphone has a perpendicular incidence normal to the microphone diaphragm and a grazing
incidence 90 degrees to the perpendicular incidence. [18]

3.2

Testing Methodology
Two propellers were measured across a range of RPM conditions to establish the

relationship between SPL and RPM. A linear noise relationship was expected given equation 2.3.
There are three phases of noise captured in a single measurement: ambient noise, transient noise,
and recirculation effects. Ambient noise is the sound level without the motor running before the
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start of each measurement. Transient noise is associated with the noise measured after the
propeller has reached the desired RPM where the blade passage frequency is fully developed.
The recirculation effects are present with the start of transient noise. These phases of flow were
measured at a range of 1500 – 3500 RPM in 250 RPM increments to build a reliable relationship
between SPL and RPM.
A-weighted SPL vs time was recorded for each measurement with a 10 Hz resolution so
that the blade passage frequency and harmonic amplitudes could be measured. The tonal noise
characteristics of the propellers would be detailed in this data. The output RPM was also
recorded to have data of SPL vs RPM.
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CHAPTER IV
RESULTS, ANALYSIS, AND COMPARISON
4.1

Propeller 1 data
In the first configuration with propeller 1, the screens were 30 inches apart, and the first

screen was installed at 30 inches from the propeller. Figure 4.1 shows the baseline contour
colormap of sound pressure level (SPL) for propeller 1 at the rotational speed of 1500 RPM (the
horizontal axis represents the time of the measurement). Figure 4.2 shows a contour colormap of
all microphones averaged, which is representative of the data taken for those measurements at
1500 RPM. Both figures capture the transient noise, which corresponds to the starting of the
motor (approximately from t = 0 to t = 8 seconds); after that the data becomes statistically
stationary, that is the noise fluctuates around a constant mean value. In these figures, there is
more clarity in the colormaps, and they show that the intensity of recirculation is decreased when
the dual screen is used to reduce the turbulence intensity in the wake. They also show that the
broadband and vortex components of the noise have been reduced (see the contour plot in figure
4.2 for frequencies between 100 Hz and 300 Hz). The reduction in the broadband content allows
the tonal noise (represented by peaks) to be more prevalent. In the second and third
configurations with only screen 1 or screen 2, there was a smaller reduction in the intensity of the
recirculation regions, compared to the dual configuration. Figures 4.3 and 4.4 show the
comparison of results for the second and third configurations at 1500 RPM.
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Figure 4.1

Baseline measurement for propeller 1 at 1500 RPM.

On the right side of the figure, the dB color bar is visible. A color at a particular point shows the
level of dB recorded for a given frequency and time. Page 28 has more information.
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Figure 4.2

All microphones averaged colormap for the measurement taken at 1500 RPM for
the dual mesh screen configuration.

On the right side of the graph is the scale of dB, which shows the intensity of sound at a
particular frequency and time. Page 28 has more information.
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Figure 4.3

Measurement taken with the coarse screen only at 1500 RPM.

On the right side of the graph is the scale of dB, which shows the intensity of sound at a
particular frequency and time. Page 28 has more information.
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Figure 4.4

Measurement taken with the fine screen only at 1500 RPM.

On the right side of the graph is the scale of dB, which shows the intensity of sound at a
particular frequency and time. Page 28 has more information.

Figures 4.5-4.8 show the line spectrum of SPL comparisons of each screen treatment
configuration for the rotational speed of 1500 RPM. These figures show a more quantitative
comparison between the baseline and the screen treatment configurations. The tone locations and
amplitudes (represented by localized peaks in the spectra) remain relatively the same. This is an
indication that the turbulence level in the wake is reduced by the screen(s).
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Figure 4.5

Measurement taken with the dual screen configuration at 1500 RPM.

On the horizontal axis is the frequency of the line spectra while the vertical axis shows the SPL
value at that frequency. Page 32 has more information.
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Figure 4.6

Measurement taken with the coarse screen only at 1500 RPM.

On the horizontal axis is the frequency of the line spectra while the vertical axis shows the SPL
value at that frequency. Page 32 has more information.
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Figure 4.7

Measurement taken with the fine screen only at 1500 RPM.

On the horizontal axis is the frequency of the line spectra while the vertical axis shows the SPL
value at that frequency. Page 32 has more information.

Figure 8 shows the baseline spectra contour at a rotational speed of 1750 RPM. Figure
4.9 depicts dual screen results while Figures 4.10 and 4.11 show the coarse screen and fine
screen results, respectively, at 1750 RPM. In these figures, there is more clarity in the colormaps,
and they show that the intensity of recirculation is decreased when the dual screen is used to
reduce the turbulence intensity in the wake. They also show that the broadband and vortex
components of the noise have been reduced.
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Figure 4.8

Baseline measurement for propeller 1 at 1750 RPM.

On the right side of the figure, the dB color bar is visible. A color at a particular point shows the
level of dB recorded for a given frequency and time. Page 35 has more information.

36

Figure 4.9

All microphones averaged colormap for the measurement taken at 1750 RPM for
the dual mesh screen configuration.

On the right side of the graph is the scale of dB, which shows the intensity of sound at a
particular frequency and time. Page 35 has more information.
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Figure 4.10

Measurement taken with the coarse screen only at 1750 RPM.

On the right side of the graph is the scale of dB, which shows the intensity of sound at a
particular frequency and time. Page 35 has more information.
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Figure 4.11

Measurement taken with the fine screen only at 1750 RPM.

On the right side of the graph is the scale of dB, which shows the intensity of sound at a
particular frequency and time. Page 35 has more information.

Figures 4.12-4.14 show the comparison of each treatment with the baseline measurement.
In these line spectra we again observe reductions in the high frequency range with the dual
screen treatment.
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Figure 4.12

Measurement taken with the dual screen configuration at 1750 RPM.

On the horizontal axis is the frequency of the line spectra while the vertical axis shows the SPL
value at that frequency. Page 39 has more information.
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Figure 4.13

Measurement taken with the coarse screen only at 1750 RPM.

On the horizontal axis is the frequency of the line spectra while the vertical axis shows the SPL
value at that frequency. Page 39 has more information.
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Figure 4.14

Measurement taken with the fine screen only at 1750 RPM.

On the horizontal axis is the frequency of the line spectra while the vertical axis shows the SPL
value at that frequency. Page 39 has more information.
Figure 4.15 shows the baseline measurement for the 2000 RPM rotational speed setting.
Figures 4.16-4.18 show the results for each treatment. Figures 4.19-4.21 show the comparison of
the baseline FFT vs each screen configuration’s FFT. It is clearly observed that the screen
treatments decrease the higher frequency of the line spectra.
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Figure 4.15

Baseline measurement for propeller 1 at 2000 RPM.

On the right side of the figure, the dB color bar is visible. A color at a particular point shows the
level of dB recorded for a given frequency and time. Page 42 has more information.
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Figure 4.16

All microphones averaged colormap for the measurement taken at 2000 RPM for
the dual mesh screen configuration.

On the right side of the graph is the scale of dB, which shows the intensity of sound at a
particular frequency and time. Page 42 has more information.
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Figure 4.17

Measurement taken with the coarse screen only at 2000 RPM.

On the right side of the graph is the scale of dB, which shows the intensity of sound at a
particular frequency and time. Page 42 has more information.
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Figure 4.18

Measurement taken with the fine screen only at 2000 RPM.

On the right side of the graph is the scale of dB, which shows the intensity of sound at a
particular frequency and time. Page 42 has more information.
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Figure 4.19

Measurement taken with the dual screen configuration at 2000 RPM.

On the horizontal axis is the frequency of the line spectra while the vertical axis shows the SPL
value at that frequency. Page 42 has more information.
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Figure 4.20

Measurement taken with the coarse screen only at 2000 RPM.

On the horizontal axis is the frequency of the line spectra while the vertical axis shows the SPL
value at that frequency. Page 42 has more information.
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Figure 4.21

Measurement taken with the fine screen only at 2000 RPM.

On the horizontal axis is the frequency of the line spectra while the vertical axis shows the SPL
value at that frequency. Page 42 has more information.

Figure 4.22 shows the baseline measurement colormap contour for the 2250 RPM setting.
Figures 4.23-4.25 show each screen configuration’s results. Again, there is more clarity gained
from the treatments. Figures 4.26-4.28 show the comparison of the baseline line spectrum of SPL
vs each mesh screen treatment configuration. It is again observed that there is a reduction in the
broadband noise component of lower frequencies and a decrease in the high frequency range.
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Figure 4.22

Baseline measurement for propeller 1 at 2250 RPM.

On the right side of the figure, the dB color bar is visible. A color at a particular point shows the
level of dB recorded for a given frequency and time. Page 49 has more information.
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Figure 4.23

All microphones averaged colormap for the measurement taken at 2250 RPM for
the dual mesh screen configuration.

On the right side of the graph is the scale of dB, which shows the intensity of sound at a
particular frequency and time. Page 49 has more information.
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Figure 4.24

Measurement taken with the coarse screen only at 2250 RPM.

On the right side of the graph is the scale of dB, which shows the intensity of sound at a
particular frequency and time. Page 49 has more information.
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Figure 4.25

Measurement taken with the fine screen only at 2250 RPM.

On the right side of the graph is the scale of dB, which shows the intensity of sound at a
particular frequency and time. Page 49 has more information.
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Figure 4.26

Measurement taken with the dual screen configuration at 2250 RPM.

On the horizontal axis is the frequency of the line spectra while the vertical axis shows the SPL
value at that frequency. Page 49 has more information.
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Figure 4.27

Measurement taken with the coarse screen only at 2250 RPM.

On the horizontal axis is the frequency of the line spectra while the vertical axis shows the SPL
value at that frequency. Page 49 has more information.
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Figure 4.28

Measurement taken with the fine screen only at 2250 RPM.

On the horizontal axis is the frequency of the line spectra while the vertical axis shows the SPL
value at that frequency. Page 49 has more information.

The baseline colormap contour for 2500 RPM is visible in Figure 4.29. The treated
configurations are shown in figures 4.30-4.32. Figures 4.33, 4.34, and 4.35 show the comparison
of the dual mesh screen configuration FFT with the baseline, the comparison of coarse screen
configuration and baseline FFTs, and the comparison of the fine screen and the baseline FFT,
respectively. In these figures, the same reductions in broadband noise, vortex noise, and of the
line frequency spectra are seen.
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Figure 4.29

Baseline measurement for propeller 1 at 2500 RPM.

On the right side of the figure, the dB color bar is visible. A color at a particular point shows the
level of dB recorded for a given frequency and time. Page 56 has more information.
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Figure 4.30

All microphones averaged colormap for the measurement taken at 2500 RPM for
the dual mesh screen configuration.

On the right side of the graph is the scale of dB, which shows the intensity of sound at a
particular frequency and time. Page 56 has more information.
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Figure 4.31

Measurement taken with the coarse screen only at 2500 RPM.

On the right side of the graph is the scale of dB, which shows the intensity of sound at a
particular frequency and time. Page 56 has more information.
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Figure 4.32

Measurement taken with the fine screen only at 2500 RPM.

On the right side of the graph is the scale of dB, which shows the intensity of sound at a
particular frequency and time. Page 56 has more information.
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Figure 4.33

Measurement taken with the dual screen configuration at 2500 RPM. On the
horizontal axis is the frequency of the line spectra while the vertical axis shows the
SPL value at that frequency. Page 56 has more information.
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Figure 4.34

Measurement taken with the coarse screen only at 2500 RPM. On the horizontal
axis is the frequency of the line spectra while the vertical axis shows the SPL value
at that frequency. Page 56 has more information.
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Figure 4.35

Measurement taken with the fine screen only at 2500 RPM. On the horizontal axis
is the frequency of the line spectra while the vertical axis shows the SPL value at
that frequency. Page 56 has more information.

The baseline for 2750 RPM is visible in Figure 4.36. The treated configurations’
colormaps are shown in figures 4.37-4.39. Figures 4.40, 4.41, and 4.42 show the comparison of
the dual mesh screen configuration FFT with the baseline, the comparison of coarse screen
configuration and baseline FFTs, and the comparison of the fine screen and the baseline FFT,
respectively. It is clear that there is more clarity of the spectra gained in the colormaps as well as
a decrease in the intensity of recirculation. In the FFTs, the line spectra of the SPL clearly show a
decrease in the SPL of the range of frequency.
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Figure 4.36

Baseline measurement for propeller 1 at 2750 RPM.

On the right side of the figure, the dB color bar is visible. A color at a particular point shows the
level of dB recorded for a given frequency and time. Page 63 has more information.
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Figure 4.37

All microphones averaged colormap for the measurement taken at 2750 RPM for
the dual mesh screen configuration.

On the right side of the graph is the scale of dB, which shows the intensity of sound at a
particular frequency and time. Page 63 has more information.
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Figure 4.38

Measurement taken with the coarse screen only at 2750 RPM.

On the right side of the graph is the scale of dB, which shows the intensity of sound at a
particular frequency and time. Page 63 has more information.
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Figure 4.39

Measurement taken with the fine screen only at 2750 RPM.

On the right side of the graph is the scale of dB, which shows the intensity of sound at a
particular frequency and time. Page 63 has more information.
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Figure 4.40

Measurement taken with the dual screen configuration at 2750 RPM.

On the horizontal axis is the frequency of the line spectra while the vertical axis shows the SPL
value at that frequency. Page 63 has more information.

68

Figure 4.41

Measurement taken with the coarse screen only at 2750 RPM.

On the horizontal axis is the frequency of the line spectra while the vertical axis shows the SPL
value at that frequency. Page 63 has more information.
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Figure 4.42

Measurement taken with the fine screen only at 2750 RPM.

On the horizontal axis is the frequency of the line spectra while the vertical axis shows the SPL
value at that frequency. Page 63 has more information.

The baseline for 3000 RPM is visible in Figure 4.43. The treated configurations are
shown in figures 4.44-4.46. Figures 4.47, 4.48, and 4.49 show the comparison of the dual mesh
screen configuration FFT with the baseline line spectra of the SPL, the comparison of coarse
screen configuration line spectra of SPL and baseline FFTs, and the comparison of the fine
screen and the baseline FFT, respectively. Yet again, we see clear reductions in the intensity of
sound at each frequency.

70

Figure 4.43

Baseline measurement for propeller 1 at 3000 RPM.

On the right side of the figure, the dB color bar is visible. A color at a particular point shows the
level of dB recorded for a given frequency and time. Page 70 has more information.
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Figure 4.44

All microphones averaged colormap for the measurement taken at 3000 RPM for
the dual mesh screen configuration.

On the right side of the graph is the scale of dB, which shows the intensity of sound at a
particular frequency and time. Page 70 has more information.
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Figure 4.45

Measurement taken with the coarse screen only at 3000 RPM.

On the right side of the graph is the scale of dB, which shows the intensity of sound at a
particular frequency and time. Page 70 has more information.
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Figure 4.46

Measurement taken with the fine screen only at 3000 RPM.

On the right side of the graph is the scale of dB, which shows the intensity of sound at a
particular frequency and time. Page 70 has more information.
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Figure 4.47

Measurement taken with the dual screen configuration at 3000 RPM. On the
horizontal axis is the frequency of the line spectra while the vertical axis shows the
SPL value at that frequency. Page 70 has more information.
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Figure 4.48

Measurement taken with the coarse screen only at 3000 RPM. On the horizontal
axis is the frequency of the line spectra while the vertical axis shows the SPL value
at that frequency. Page 70 has more information.
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Figure 4.49

Measurement taken with the fine screen only at 3000 RPM. On the horizontal axis
is the frequency of the line spectra while the vertical axis shows the SPL value at
that frequency. Page 70 has more information.

The baseline for 3250 RPM is visible in Figure 4.50. The treated configurations are
shown in figures 4.51-4.53. Figures 4.54, 4.55, and 4.56 show the comparison of the dual mesh
screen configuration FFT with the baseline, the comparison of coarse screen configuration and
baseline FFTs, and the comparison of the fine screen and the baseline FFT, respectively. The
dual mesh screen configuration shows the greatest reduction in the SPL of the line spectra.
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Figure 4.50

Baseline measurement for propeller 1 at 3250 RPM.

On the right side of the figure, the dB color bar is visible. A color at a particular point shows the
level of dB recorded for a given frequency and time. Page 77 has more information.
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Figure 4.51

All microphones averaged colormap for the measurement taken at 3250 RPM for
the dual mesh screen configuration.

On the right side of the graph is the scale of dB, which shows the intensity of sound at a
particular frequency and time. Page 77 has more information.
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Figure 4.52

Measurement taken with the coarse screen only at 3250 RPM.

On the right side of the graph is the scale of dB, which shows the intensity of sound at a
particular frequency and time. Page 77 has more information.
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Figure 4.53

Measurement taken with the fine screen only at 3250 RPM.

On the right side of the graph is the scale of dB, which shows the intensity of sound at a
particular frequency and time. Page 77 has more information.

For higher rotational speeds we noticed that there is reduction in the broadband noise in
both low and high frequency range. This is an indication that the screens have a more significant
effect when the turbulence in the wake is more intense.
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Figure 4.54

Measurement taken with the dual screen configuration at 3250 RPM. On the
horizontal axis is the frequency of the line spectra while the vertical axis shows the
SPL value at that frequency. Page 77 has more information.
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Figure 4.55

Measurement taken with the coarse screen only at 3250 RPM. On the horizontal
axis is the frequency of the line spectra while the vertical axis shows the SPL value
at that frequency. Page 77 has more information.

.
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Figure 4.56

Measurement taken with the fine screen only at 3250 RPM. On the horizontal axis
is the frequency of the line spectra while the vertical axis shows the SPL value at
that frequency. Page 77 has more information.

The baseline for 3500 RPM is visible in Figure 4.57. The treated configurations are
shown in figures 4.58-4.60. Figures 4.61, 4.62, and 4.63 show the comparison of the dual mesh
screen configuration FFT with the baseline, the comparison of coarse screen configuration and
baseline FFTs, and the comparison of the fine screen and the baseline FFT, respectively. The
same reductions are seen again.
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Figure 4.57

Baseline measurement for propeller 1 at 3500 RPM.

On the right side of the figure, the dB color bar is visible. A color at a particular point shows the
level of dB recorded for a given frequency and time Page 84 has more information.
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Figure 4.58

All microphones averaged colormap for the measurement taken at 3500 RPM for
the dual mesh screen configuration.

On the right side of the graph is the scale of dB, which shows the intensity of sound at a
particular frequency and time. Page 84 has more information.
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Figure 4.59

Measurement taken with the coarse screen only at 3500 RPM.

On the right side of the graph is the scale of dB, which shows the intensity of sound at a
particular frequency and time. Page 84 has more information.
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Figure 4.60

Measurement taken with the fine screen only at 3500 RPM.

On the right side of the graph is the scale of dB, which shows the intensity of sound at a
particular frequency and time. Page 84 has more information.

88

Figure 4.61

Dual mesh comparison data for 3500 RPM.

In this figure, the total reduction in the line spectra of SPL is visible. On the horizontal axis is the
frequency of the line spectra while the vertical axis shows the SPL value at that frequency. Page
84 has more information.
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Figure 4.62

Coarse screen configuration comparison data.

In this figure, the reduction in the broadband noise is visible as the difference between the two
lines. On the horizontal axis is the frequency of the line spectra while the vertical axis shows the
SPL value at that frequency. Page 84 has more information.
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Figure 4.63

Fine screen configuration comparison data.

In this figure, the difference between the two lines is the reduction of broadband noise. On the
horizontal axis is the frequency of the line spectra while the vertical axis shows the SPL value at
that frequency. Page 84 has more information.

4.2

Propeller 2 data
The baseline colormap for 1500 RPM is visible in Figure 4.64. The treated configurations

are shown in figures 4.65-4.67. Figures 4.68, 4.69, and 4.70 show the comparison of the dual
mesh screen configuration FFT with the baseline, the comparison of coarse screen configuration
and baseline FFTs, and the comparison of the fine screen and the baseline FFT, respectively. We
see similar reductions in the recirculation intensity here as in the correlating figures for propeller
1.
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Figure 4.64

Baseline measurement for propeller 1 at 1500 RPM.

On the right side of the figure, the dB color bar is visible. A color at a particular point shows the
level of dB recorded for a given frequency and time. Page 91 has more information.
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Figure 4.65

All microphones averaged colormap for the measurement taken at 1500 RPM for
the dual mesh screen configuration.

On the right side of the graph is the scale of dB, which shows the intensity of sound at a
particular frequency and time. Page 91 has more information.
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Figure 4.66

Measurement taken with the coarse screen only at 1500 RPM.

On the right side of the graph is the scale of dB, which shows the intensity of sound at a
particular frequency and time. Page 91 has more information.
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Figure 4.67

Measurement taken with the fine screen only at 1500 RPM.

On the right side of the graph is the scale of dB, which shows the intensity of sound at a
particular frequency and time. Page 91 has more information.
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Figure 4.68

Measurement taken with the dual screen configuration at 1500 RPM.

On the horizontal axis is the frequency of the line spectra while the vertical axis shows the SPL
value at that frequency. Page 91 has more information.
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Figure 4.69

Measurement taken with the coarse screen only at 1500 RPM.

On the horizontal axis is the frequency of the line spectra while the vertical axis shows the SPL
value at that frequency. Page 91 has more information.
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Figure 4.70

Measurement taken with the fine screen only at 1500 RPM.

On the horizontal axis is the frequency of the line spectra while the vertical axis shows the SPL
value at that frequency. Page 91 has more information.

The baseline colormap for 1750 RPM is visible in Figure 4.71. The treated configurations
are shown in figures 4.72-4.74. Figures 4.75, 4.76, and 4.77 show the comparison of the dual
mesh screen configuration FFT with the baseline, the comparison of coarse screen configuration
and baseline FFTs, and the comparison of the fine screen and the baseline FFT, respectively. It is
evident that the dual mesh screen configuration has the greatest impact of the reduction in
broadband noise component in the low and high frequency ranges. Each configuration shows
more clarity in the SPL contour colormaps.
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Figure 4.71

Baseline measurement for propeller 1 at 1750 RPM.

On the right side of the figure, the dB color bar is visible. A color at a particular point shows the
level of dB recorded for a given frequency and time. Page 98 has more information.
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Figure 4.72

All microphones averaged colormap for the measurement taken at 1750 RPM for
the dual mesh screen configuration.

On the right side of the graph is the scale of dB, which shows the intensity of sound at a
particular frequency and time. Page 98 has more information.
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Figure 4.73

Measurement taken with the coarse screen only at 1750 RPM.

On the right side of the graph is the scale of dB, which shows the intensity of sound at a
particular frequency and time. Page 98 has more information.
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Figure 4.74

Measurement taken with the fine screen only at 1750 RPM.

On the right side of the graph is the scale of dB, which shows the intensity of sound at a
particular frequency and time. Page 98 has more information.
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Figure 4.75

Measurement taken with the dual screen configuration at 1750 RPM.

On the horizontal axis is the frequency of the line spectra while the vertical axis shows the SPL
value at that frequency. Page 98 has more information.
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Figure 4.76

Measurement taken with the coarse screen only at 1750 RPM.

On the horizontal axis is the frequency of the line spectra while the vertical axis shows the SPL
value at that frequency. Page 98 has more information.
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Figure 4.77

Measurement taken with the fine screen only at 1750 RPM.

On the horizontal axis is the frequency of the line spectra while the vertical axis shows the SPL
value at that frequency. Page 98 has more information.

The baseline colormap for 2000 RPM is visible in Figure 4.78. The treated configurations
are shown in figures 4.79-4.81. Figures 4.82, 4.83, and 4.84 show the comparison of the dual
mesh screen configuration FFT with the baseline, the comparison of coarse screen configuration
and baseline FFTs, and the comparison of the fine screen and the baseline FFT, respectively.
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Figure 4.78

Baseline measurement for propeller 1 at 2000 RPM.

On the right side of the figure, the dB color bar is visible. A color at a particular point shows the
level of dB recorded for a given frequency and time. Page 105 has more information.
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Figure 4.79

All microphones averaged colormap for the measurement taken at 2000 RPM for
the dual mesh screen configuration.

On the right side of the graph is the scale of dB, which shows the intensity of sound at a
particular frequency and time. Page 105 has more information.
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Figure 4.80

Measurement taken with the coarse screen only at 2000 RPM.

On the right side of the graph is the scale of dB, which shows the intensity of sound at a
particular frequency and time. Page 105 has more information.
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Figure 4.81

Measurement taken with the fine screen only at 2000 RPM.

On the right side of the graph is the scale of dB, which shows the intensity of sound at a
particular frequency and time. Page 105 has more information.
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Figure 4.82

Measurement taken with the dual screen configuration at 2000 RPM.

On the horizontal axis is the frequency of the line spectra while the vertical axis shows the SPL
value at that frequency. Page 105 has more information.
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Figure 4.83

Measurement taken with the coarse screen only at 2000 RPM.

On the horizontal axis is the frequency of the line spectra while the vertical axis shows the SPL
value at that frequency. Page 105 has more information.
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Figure 4.84

Measurement taken with the fine screen only at 2000 RPM.

On the horizontal axis is the frequency of the line spectra while the vertical axis shows the SPL
value at that frequency. Page 105 has more information.

The baseline colormap for 2250 RPM is visible in Figure 4.85. The treated configurations
are shown in figures 4.86-4.88. Figures 4.89, 4.90, and 4.91 show the comparison of the dual
mesh screen configuration FFT with the baseline, the comparison of coarse screen configuration
and baseline FFTs, and the comparison of the fine screen and the baseline FFT, respectively.

112

Figure 4.85

Baseline measurement for propeller 1 at 2250 RPM.

On the right side of the figure, the dB color bar is visible. A color at a particular point shows the
level of dB recorded for a given frequency and time. Page 112 has more information.
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Figure 4.86

All microphones averaged colormap for the measurement taken at 2250 RPM for
the dual mesh screen configuration.

On the right side of the graph is the scale of dB, which shows the intensity of sound at a
particular frequency and time. Page 112 has more information.

114

Figure 4.87

Measurement taken with the coarse screen only at 2250 RPM.

On the right side of the graph is the scale of dB, which shows the intensity of sound at a
particular frequency and time. Page 112 has more information.
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Figure 4.88

Measurement taken with the fine screen only at 2250 RPM.

On the right side of the graph is the scale of dB, which shows the intensity of sound at a
particular frequency and time. Page 112 has more information.
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Figure 4.89

Measurement taken with the dual screen configuration at 2250 RPM.

On the horizontal axis is the frequency of the line spectra while the vertical axis shows the SPL
value at that frequency. Page 112 has more information.
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Figure 4.90

Measurement taken with the coarse screen only at 2250 RPM.

On the horizontal axis is the frequency of the line spectra while the vertical axis shows the SPL
value at that frequency. Page 112 has more information.
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Figure 4.91

Measurement taken with the fine screen only at 2250 RPM.

On the horizontal axis is the frequency of the line spectra while the vertical axis shows the SPL
value at that frequency. Page 112 has more information.

The baseline colormap for 2500 RPM is visible in Figure 4.92. The treated configurations
are shown in figures 4.93-4.95. Figures 4.96, 4.97, and 4.98 show the comparison of the dual
mesh screen configuration FFT with the baseline, the comparison of coarse screen configuration
and baseline FFTs, and the comparison of the fine screen and the baseline FFT, respectively.
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Figure 4.92

Baseline measurement for propeller 1 at 2500 RPM.

On the right side of the figure, the dB colorbar is visible. A color at a particular point shows the
level of dB recorded for a given frequency and time. Page 119 has more information.
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Figure 4.93

All microphones averaged colormap for the measurement taken at 2500 RPM for
the dual mesh screen configuration.

On the right side of the graph is the scale of dB, which shows the intensity of sound at a
particular frequency and time. Page 119 has more information.
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Figure 4.94

Measurement taken with the coarse screen only at 2500 RPM.

On the right side of the graph is the scale of dB, which shows the intensity of sound at a
particular frequency and time. Page 119 has more information.
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Figure 4.95

Measurement taken with the fine screen only at 2500 RPM.

On the right side of the graph is the scale of dB, which shows the intensity of sound at a
particular frequency and time. Page 119 has more information.
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Figure 4.96

Measurement taken with the dual screen configuration at 2500 RPM.

On the horizontal axis is the frequency of the line spectra while the vertical axis shows the SPL
value at that frequency. Page 119 has more information.

124

Figure 4.97

Measurement taken with the coarse screen only at 2500 RPM.

On the horizontal axis is the frequency of the line spectra while the vertical axis shows the SPL
value at that frequency. Page 119 has more information.

125

Figure 4.98

Measurement taken with the fine screen only at 2500 RPM.

On the horizontal axis is the frequency of the line spectra while the vertical axis shows the SPL
value at that frequency. Page 119 has more information.

The baseline colormap for 2750 RPM is visible in Figure 4.99. The treated configurations
are shown in figures 4.100-4.102. Figures 4.103, 4.104, and 4.105 show the comparison of the
dual mesh screen configuration FFT with the baseline, the comparison of coarse screen
configuration and baseline FFTs, and the comparison of the fine screen and the baseline FFT,
respectively.
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Figure 4.99

Baseline measurement for propeller 1 at 2750 RPM.

On the right side of the figure, the dB color bar is visible. A color at a particular point shows the
level of dB recorded for a given frequency and time. Page 126 has more information.
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Figure 4.100 All microphones averaged colormap for the measurement taken at 2750 RPM for
the dual mesh screen configuration.
On the right side of the graph is the scale of dB, which shows the intensity of sound at a
particular frequency and time. Page 126 has more information.
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Figure 4.101 Measurement taken with the coarse screen only at 2750 RPM.
On the right side of the graph is the scale of dB, which shows the intensity of sound at a
particular frequency and time. Page 126 has more information.
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Figure 4.102 Measurement taken with the fine screen only at 2750 RPM.
On the right side of the graph is the scale of dB, which shows the intensity of sound at a
particular frequency and time. Page 126 has more information.
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Figure 4.103 Measurement taken with the dual screen configuration at 2750 RPM.
On the horizontal axis is the frequency of the line spectra while the vertical axis shows the SPL
value at that frequency. Page 126 has more information.
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Figure 4.104 Measurement taken with the coarse screen only at 2750 RPM.
On the horizontal axis is the frequency of the line spectra while the vertical axis shows the SPL
value at that frequency. Page 126 has more information.
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Figure 4.105 Measurement taken with the fine screen only at 2750 RPM.
On the horizontal axis is the frequency of the line spectra while the vertical axis shows the SPL
value at that frequency. Page 126 has more information.

The baseline colormap for 3000 RPM is visible in Figure 4.106. The treated
configurations are shown in figures 4.107-4.109. Figures 4.110, 4.111, and 4.112 show the
comparison of the dual mesh screen configuration FFT with the baseline, the comparison of
coarse screen configuration and baseline FFTs, and the comparison of the fine screen and the
baseline FFT, respectively.
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Figure 4.106 Baseline measurement for propeller 1 at 3000 RPM.
On the right side of the figure, the dB color bar is visible. A color at a particular point shows the
level of dB recorded for a given frequency and time. Page 133 has more information.
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Figure 4.107 All microphones averaged colormap for the measurement taken at 3000 RPM for
the dual mesh screen configuration.
On the right side of the graph is the scale of dB, which shows the intensity of sound at a
particular frequency and time. Page 133 has more information.
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Figure 4.108 Measurement taken with the coarse screen only at 3000 RPM.
On the right side of the graph is the scale of dB, which shows the intensity of sound at a
particular frequency and time. Page 133 has more information.
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Figure 4.109 Measurement taken with the fine screen only at 3000 RPM.
On the right side of the graph is the scale of dB, which shows the intensity of sound at a
particular frequency and time. Page 133 has more information.
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Figure 4.110 Measurement taken with the dual screen configuration at 3000 RPM.
On the horizontal axis is the frequency of the line spectra while the vertical axis shows the SPL
value at that frequency. Page 133 has more information.
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Figure 4.111 Measurement taken with the coarse screen only at 3000 RPM.
On the horizontal axis is the frequency of the line spectra while the vertical axis shows the SPL
value at that frequency. Page 133 has more information.
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Figure 4.112 Measurement taken with the fine screen only at 3000 RPM.
On the horizontal axis is the frequency of the line spectra while the vertical axis shows the SPL
value at that frequency. Page 133 has more information.

The baseline colormap for 3250 RPM is visible in Figure 4.113. The treated
configurations are shown in figures 4.114-4.116. Figures 4.117, 4.118, and 4.119 show the
comparison of the dual mesh screen configuration FFT with the baseline, the comparison of
coarse screen configuration and baseline FFTs, and the comparison of the fine screen and the
baseline FFT, respectively.
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Figure 4.113 Baseline measurement for propeller 1 at 3250 RPM.
On the right side of the figure, the dB colorbar is visible. A color at a particular point shows the
level of dB recorded for a given frequency and time. Page 140 has more information.
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Figure 4.114 All microphones averaged colormap for the measurement taken at 3250 RPM for
the dual mesh screen configuration.
On the right side of the graph is the scale of dB, which shows the intensity of sound at a
particular frequency and time. Page 140 has more information.
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Figure 4.115 Measurement taken with the coarse screen only at 3250 RPM.
On the right side of the graph is the scale of dB, which shows the intensity of sound at a
particular frequency and time. Page 140 has more information.
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Figure 4.116 Measurement taken with the fine screen only at 3250 RPM.
On the right side of the graph is the scale of dB, which shows the intensity of sound at a
particular frequency and time. Page 140 has more information.
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Figure 4.117 Measurement taken with the dual screen configuration at 3250 RPM.
On the horizontal axis is the frequency of the line spectra while the vertical axis shows the SPL
value at that frequency. Page 140 has more information.
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Figure 4.118 Measurement taken with the coarse screen only at 3250 RPM.
On the horizontal axis is the frequency of the line spectra while the vertical axis shows the SPL
value at that frequency. Page 140 has more information.
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Figure 4.119 Measurement taken with the fine screen only at 3250 RPM.
On the horizontal axis is the frequency of the line spectra while the vertical axis shows the SPL
value at that frequency. Page 140 has more information.

The baseline colormap for 3500 RPM is visible in Figure 4.120. The treated
configurations are shown in figures 4.121-4.124. Figures 4.124, 4.125, and 4.126 show the
comparison of the dual mesh screen configuration FFT with the baseline, the comparison of
coarse screen configuration and baseline FFTs, and the comparison of the fine screen and the
baseline FFT, respectively.
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Figure 4.120 Baseline measurement for propeller 1 at 3500 RPM.
On the right side of the figure, the dB color bar is visible. A color at a particular point shows the
level of dB recorded for a given frequency and time. Page 147 has more information.
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Figure 4.121 All microphones averaged colormap for the measurement taken at 3500 RPM for
the dual mesh screen configuration.
On the right side of the graph is the scale of dB, which shows the intensity of sound at a
particular frequency and time. Page 147 has more information.
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Figure 4.122 Measurement taken with the coarse screen only at 3500 RPM.
On the right side of the graph is the scale of dB, which shows the intensity of sound at a
particular frequency and time. Page 147 has more information.
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Figure 4.123 Measurement taken with the fine screen only at 3500 RPM.
On the right side of the graph is the scale of dB, which shows the intensity of sound at a
particular frequency and time. Page 147 has more information.

151

Figure 4.124 Measurement taken with the dual screen configuration at 3500 RPM.
On the horizontal axis is the frequency of the line spectra while the vertical axis shows the SPL
value at that frequency. Page 147 has more information.
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Figure 4.125 Measurement taken with the coarse screen only at 3500 RPM.
On the horizontal axis is the frequency of the line spectra while the vertical axis shows the SPL
value at that frequency. Page 147 has more information.
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Figure 4.126 Measurement taken with the fine screen only at 3500 RPM.
On the horizontal axis is the frequency of the line spectra while the vertical axis shows the SPL
value at that frequency. Page 147 has more information.
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CHAPTER V
CONCLUSIONS, OBSERVATIONS, AND FUTURE WORK
It is evident that the dual screen configuration made the most impact on the FFT
diagrams, which is indicative of the reduction in the broadband and vortex noise; and therefore,
the turbulence experienced by the microphones and propeller. The reduction is more evident at
higher RPM settings. Each of the screens improved the clarity of the colormaps and decreased
the intensity of the recirculation region. Propeller 2 showed the most promising results, which is
expected with the size of the chamber utilized in this experiment. With propeller 2 there was a
more pronounced difference between the FFT diagrams with the dual mesh screen configuration,
particularly at higher RPM settings. There was also a significant decrease in the broadband and
vortex noise using the coarse screen configuration. The fine screen only configurations for both
propellers performed the worst with a marginal difference in the FFTs. This lack of performance
is likely due to the greater pressure drop coefficient without any previous flow conditioning,
which was talked about briefly in the Concept Review: Mesh Screens.
The mesh screens have a solid line through the middle from where two pieces of mesh
were fused together, which could induce flow nonuniformities. A limitation of this test as
described previously in this thesis is the size of the chamber. The chamber is too small for
accurate directivity measurements of large UAS propellers; therefore, measurements must be
taken from the back wall. The location of microphone 8 in this research is similar to the
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placement of microphone 1 in the NASA study. The propellers are too large to mitigate the flow
recirculation effectively with the current research.
The first path for future work for continuation of this project would be turning the entire
engine test room into an anechoic chamber so that directivity measurements of large UAS
propellers are feasible. This would require the room be treated with foam as well as a netting be
applied to the floor to allow for easy set-up of the screens and microphones. Another path for
future work is finding an optimal configuration for the mesh screens to prolong the onset of
recirculation further than that found in this research work. Another path is to upgrade the test
stand with a motor capable of turning large propellers at speeds experienced in flight, which is
up to 6700 RPM for propeller 1.
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